Introduction: Mitral regurgitation (MR) is a common valvular disease that causes significant morbidity and mortality. The use of multiple echocardiographic indices and hormonal parameters in combination can provide an accurate assessment of MR severity and LV dysfunction in most cases. Aim of study: The aim of this study was to correlate the levels of serum NT-pro BNP with various echocardiographic parameters including 3D vena contracta width in patients with MR. Methods: 74 Patients diagnosed with primary mitral regurgitation in sinus rhythm with no conduction disturbance were included in the study. 2D and Doppler echocardiography indices were calculated. A full-volume 3D color Doppler acquisition was obtained and 3D vena contracta width was calculated and serum BNP levels were obtained. Results: NT-pro BNP levels were increased with symptoms in patients with mitral regurgitation (NYHAI: 4.48 ± 0.06, NYHAII: 5.54 ± 0.78, NYHAIII: 6.68 ± 1.21 pg/ml, p < 0.01). NT-pro BNP plasma levels were significantly correlated with MPI (r = 0.945, p < 0.01), and following echocardiographic indices: LVEDV (r = 0.793, p < 0.01), LVESV (r = 0.706, p < 0.01), LVEDVI (r = 0.733, p < 0.01), LVESVI (r = 0.677, p < 0.01), LVEDD (r = 0.727, p < 0.01), LVESD (r = 0. 617, p < 0.01), RVSP (r = 0.665, p < 0.01), LA volume (r = 0.735, p < 0.01), LAVI (r = 0.709, p < 0.01), MR 2D VC (r = 0.430, p < 0.01), 3D VC (r = 0.441, p < 0.01), PISA (r = 0.440, p < 0.01) and negative correlation with LV ejection fraction (r = 0.846, p < 0.01), dp/dt (r = 0.795, p < 0.01), but there were no significant correlations between NT-pro BNP plasma level and LA jet area ratio (P = 0.33). It was observed that there was a significant correlation between 3D VC and PISA levels in patients of mitral regurgitation. However correlation is better in MR with central jet compared to eccentric jet in moderate and How to cite this paper: Chanda, N., Rajasekhar, D., Kanth, A.R., Vanajakshamma, V., Kapil, C., Babu, T.S. and Naik, K.S. showed that NT-pro BNP measurement has the same sensitivity and specificity as echocardiographic indices. Three-dimensional VCA may provide a reliable measurement of ROA, independent of geometric and flow assumptions.
Introduction
Mitral regurgitation (MR) is a common valvular disease that causes significant morbidity and mortality [1] . Mitral regurgitation causes progressive systolic and diastolic left ventricular dysfunction which has negative impacts on prognosis of patients with MR [2] . Understanding the degree of systolic, diastolic dysfunction and severity of regurgitation would be helpful to establish the best treatment strategy and improve patient survival [3] [4] .
Accurate assessment of ventricular function and severity of MR using echocardiography alone may be difficult and bring us to diagnostic dead end. The use of multiple echocardiographic indices and hormonal parameters in combination can provide an accurate assessment of MR severity and LV dysfunction in most cases [5] .
B-type natriuretic peptide and N-terminal pro BNP are synthesized and secreted in response to increase in wall stress by cardiac myocytes. Plasma levels of NT Pro BNP which are elevated in myocardial infarction and heart failure patients are independent prognostic factors in numerous studies [6] [7] . In contrast only a few studies have evaluated NT Pro BNP in valvular heart diseases [8] [9] . The purpose of this study is to compare NT Pro BNP and echocardiographic indices in patients with MR.
Accurate assessment of MR is important for clinical decision making and outcome prediction. The calculation of effective regurgitant orifice area (EROA) by the proximal isovelocity surface area (PISA) method is an important method for quantification of MR [10] . However it requires flow and geometric assumptions which has limited its clinical applications. Recently 3D echocardiography allowed for the direct measurement of the effective regurgitant orifice area by 3D guided planimetry of the vena contracta area [11] . This single measurement is not dependent on geometric and flow assumption. Therefore it can provide direct and more accurate quantification of MR than 2D measurements. The purpose of this study was also to evaluate the utility of 3D Vena contracta area in assessing the severity of MR and to correlate 3D vena contracta with 2D vena contracta and EROA.
Aim of the Study: To study the levels of NT-pro BNP and its correlation with various echocardiographic parameters including 3D vena contracta width in pa- 
Methods

Patients
The study was done prospectively in the department of cardiology, Sri Venkateswara Institute of Medical Science Tirupati, between Dec 2013 -Jan 2015. 74
patients diagnosed with primary mitral regurgitation in sinus rhythm with no conduction disturbance were included.
Patients with mitral regurgitation due to ischemic heart disease or cardiomyopathy, mitral valve stenosis, aortic valve disease, primary right heart disease, previous cardiac Surgery, arterial hypertension were excluded.
N-terminal Pro-BNP measurement: Before the performance of echocardiography, a polyethylene catheter was inserted percutaneously in a forearm vein for blood sampling and patient had been in a supine position. Samples were collected in EDTA tubes, immediately placed on ice, and transferred to the laboratory. Plasma levels of NT-pro-BNP were determined with Elecsyspro BNP analyzer (measuring range 5 -35,000 pg/mL) using a chemiluminescent immunoassay kit (Roche Diagnostics). Detection range of the assay was 60 -9000 pg/ml of NT-proBNP [12] . Myocardial performance index(MPI) which is defined as the sum of isovolumic contraction time and isovolumic relaxation time divided by the ejection time was calculated (normal range: 0.39 ± 0.05) as described by Tei et al. [15] was calculated.
Three-Dimensional Color Doppler Acquisition and Data Analysis
A full-volume 3D color Doppler acquisition was obtained with the use of the X3-1 (1 -3 MHz) matrix array transducer from the apical window over 7 to 14 consecutive cardiac cycles with ECG gating.
The 3D color MR jet dataset was analyzed using Philips Qlab 2.0 software.
Cropping was done in three different planes. The frame with the largest VCA in systole was magnified, and VCA was measured by direct planimetry of the color Doppler flow signal [16] [17] .
N. Chanda et al.
Statistical Analysis
Data 
Results
A total of 74 patients were included in the study. 38 (51.4%) were females. Predominant cause of MR in the present study is Chronic Rheumatic Heart Disease.
Study population is categorized into 3 groups depending on the severity of MR on 2D echocardiography. Mild MR as group I, moderate MR as group II and severe MR as group III. The baseline characteristics have been presented in Ta-
Due to wide dispersion of data for NT-pro BNP levels, log NT-pro BNP levels were calculated for the three groups. Anova test was used for comparision of log NT-pro BNP levels between the three groups. There was significant correlation between severity of MR and log NT-pro BNP as shown in Table 2 .
Log NT-pro BNP levels were significantly different (p < 0.01) between symptomatic severe MR (5.98 ± 0.78) and asymptomatic severe MR (4.09 ± 1.21)
There was statistically significant difference in NYHA class of symptoms and log NT-pro BNP levels as shown in Table 3 .
Correlation of log NT-pro BNP levels with echocardiographic indices is shown in Table 4 .
NT-pro BNP plasma levels were significantly correlated with MPI (r = 0.945, P < 0.01), and following echocardiographic indices: LVEDV (r = 0.793, P < 0.01), LVESV (r = 0.706, P < 0.01), LVEDVI (r = 0.733, P < 0.01), LVESVI (r = 0.677, P < 0.01), LVEDD (r = 0.727, P < 0.01), LVESD (r = 0.617, P < 0.01), RVSP (r = 0.665, P < 0.01), LA volume (r = 0.735, P < 0.01), LAVI (r = 0.709, P < 0.01)), MR 2D VC (r = 0.430, P < 0.01), 3D VC (r = 0.441, P < 0.01) PISA (r = 0.440, P < 0.01) and negative correlation with LV ejection fraction (r = −0.846, P < 0.01), dp/dt (r = −0.795, P < 0.01), but there were no significant correlations between NT-pro BNP plasma level and LA jet area ratio (P = 0.33).
We categorized patients into two groups according to MPI cut off level of 0.45. It was observed that a cut off value of NT-pro BNP of 524 pg/ml predicted abnormal MPI as shown in Figure 1 .
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The sensitivity, specificity, and area under the ROC curve for abnormality of MPI by natriuretic peptide levels and echocardiographic measures are shown in Table 5 .
It was observed that there was a significant correlation between 3D VC and PISA levels in patients of mitral regurgitation. However correlation is better in Table 6 . 
Discussion
In our study, mitral regurgitation was almost equally distributed in both males (n = 36) and females (n = 38). We observed that Chronic Rheumatic Heart Disease was the most common cause of organic mitral regurgitation followed by MVP which was similar to that described by Kumar R et al. [18] .
In the present study, we observed that increase in plasma NT-pro BNP levels was significantly associated with increase in severity of MR assessed by 2D and 3D echocardiography.
Similar to Yusoff R et al. [19] and Potocki M et al. [20] we found that NT-pro BNP levels were increased by symptom severity and this is concordant to other studies showing increased plasma BNP levels with higher NYHA classes. Symptomatic patients were more likely to have more severe MR. These observations suggest that natriuretic peptide levels provide an additional method for assessing the severity and symptoms of MR when the LVEF is normal and for monitoring disease progression. Natriuretic peptides reflect cardiac stress and therefore
NT-pro-BNP may be helpful in the clinical evaluation and management of patients with MR, especially when it is doubtful whether symptoms are related to MR or not.
We observed that in addition to associations with echocardiographic measures of the severity of MR, natriuretic peptide levels were higher in symptomatic than in asymptomatic patients with severe MR.
Similar to Detaint et al. [21] , Shokoufeh Hajsadeghi et al. [22] we observed [23] in the present study, we observed that MPI correlates positively with left ventricular volumes and dimensions both in systole and diastole, RVSP, LA volume. Similar to Kargin R et al. [24] in our study correlations were identified between the MPI and plasma NT-pro BNP level and severity of MR. Correlation of MPI and dp/dt may indirectly describe parallel relation between dp/dt and isovolumic contraction time. These findings supports the previous studies which believed in patients with mitral regurgita-World Journal of Cardiovascular Diseases tion, NT-pro BNP activation is a result of alterations in hemodynamic, atrial and ventricular status rather than the degree of regurgitation alone. MPI may be considered as a new echocardiographic parameter for the assessment of global ventricular function in mitral regurgitation.
When we have chosen cut point level of 0.45 for MPI based on Ono M et al. [25] we could define a cutoff value of 524 pg/ml for NT-pro BNP serum level and some of the echocardiographic indices to differentiate normal and abnormal MPI.
Furthermore, calculation and comparison of area under ROC curves for NT-pro BNP and echocardiographic measures such as LV end-diastolic volume, LV end-systolic volume, LV end-systolic dimension and LV end-diastolic dimension showed that there is no significant difference between these indices such that one may be chosen as the best one for prediction of MPI abnormality.
Results of this study suggest that natriuretic peptide testing may add to the information obtained by echocardiography in the assessment of MR in clinical practice. When echocardiographic assessment is technically difficult, low NT-pro BNP levels would suggest that MR is not severe. Measurement of natriuretic peptides may also be useful when it is not clear whether symptoms of dyspnea or fatigue are due to cardiac disease.
Similar to Iwakura et al. [26] , Kahlert et al. [27] in our study we observed that there was a significant correlation between 3D VC and PISA levels in patients of Zeng et al. [28] . Similar to Chaim Yosefy et al. [29] we observed that for eccentric jets, VC width by 2D echo was correlated less well with 3D VC, and 2D VC width underestimated regurgitant orifice area especially in moderate to severe MR patients. Accurate assessment of MR is important but still challenging in daily clinical practice. Currently, various color Doppler 2D methods are used for MR quantification, however, each method has its limitations, based on technical issues or inaccurate geometric assumption. Besides the 2D methods, recent studies showed that planimetry of the VCA was highly feasible by using color Doppler 3D echocardiography, which provided a new approach for MR quantification by direct measurement of the ROA. Although no gold standard is available for comparison, this result supports the previous finding of the advantages of 3D VCA in assessing eccentric MR jets compared with 2D methods.
Limitations
Sample size is small and no follow up was done. Present study suggests that a single baseline measurement does not reliably predict disease progression, serial measurements may be useful. Exercise stress echocardiography to identify LV dysfunction with a maintained resting EF was not done.
Conclusion
This study showed that NT-pro BNP measurement has the same sensitivity and specificity as echocardiographic indices and may be used as a hormonal factor for the evaluation of patients with mitral regurgitation in combination with echocardiography. Myocardial performance index combined with NT-proBNP measurement may be helpful in detection of subclinical impairments in left ventricle functions. Three-dimensional VCA may provide a single, directly visualized, and reliable measurement of ROA, independent of geometric and flow assumptions, which classifies MR severity comparable to current clinical practice using the ASE-recommended 2D integrative method.
